liver or stomach as the substrate. Generally, the sensitivity for celiac disease is reported to be 91%, with a specificity of 99% to 100% (10, 11) . IgA EmAs can be detected using either monkey esophagus or human umbilical cord as the substrate. In general, published results obtained with the use of human umbilical cord by laboratories employing inhouse assays have quoted sensitivities and specificities of 95% to 100% and 99% to 100%, respectively (12) (13) (14) . Published results obtained with the use of commercial kits previously used monkey esophagus as the substrate, and the results obtained varied; sensitivity ranged from 74% to 95% and specificity from 98% to 100% (10, 12, 13, (15) (16) (17) . Two groups used the same kit and reported very different specificities -74% (16) and 91% (10) . The groups that used their own in-house assays tended to report better results; sensitivity ranged from 95% to 100% and specificity from 99% to 100% (11, 14, 18) . Commercial kits using monkey esophagus are being phased out in favour of kits employing human umbilical cord, thereby reducing cost. In-house assays to detect tissue antibodies may be impractical in laboratories without pathology facilities or experience.
Although the use of AGAs alone is of limited value for identifying celiac disease in adults, it does offer some ad- (19, 20) , offering noninvasive laboratory monitoring of response to treatment. EmAs disappear with treatment but may take as long as a year to do so (10, 21) . Both antibodies can reappear with gluten challenge or relaxation of diet and, therefore, have been used to predict mucosal relapse on oral gluten challenge (22) (23) (24) , but reappearance of the antibodies is often variable. In one study of Italian children, all patients not on a strict gluten-free diet or following gluten challenge were positive for IgA EmA, but not all had raised titres of IgA AGA (17) . Selective IgA deficiency (SIgAD) affects between one in 400 and one in 700 individuals (25) . The prevalence of SIgAD among patients with celiac disease was reported to be as high as 2% to 3% (26) (27) (28) . Because IgG AGA is often measured along with AGAs of the IgA subclass, increased titres can indicate celiac disease in the presence of SIgAD. In SIgAD patients, celiac disease would obviously be missed if IgA EmAs or ARAs were relied on to detect patients requiring biopsy. A few groups have reported the use of IgG EmA or ARA testing in these patients (26, 29, 30) , but this is not common clinical practice. It is, therefore, prudent to use a combination of IgA and IgG AGAs, and IgA EmAs or ARAs for serological testing in celiac disease. If the IgG class of AGAs is not used, then SIgAD should be excluded by measuring total serum IgA. In a large multicentre study of Italian schoolchildren, a two-step strategy was used, namely IgA and IgG AGAs were tested in the first step. Any child with IgA and/or IgG AGA positivity was recalled, and the AGA assays were repeated, along with testing for IgA EmA and total IgA levels. Intestinal biopsy was then performed on the children with positive IgA AGA and/or IgA EmA levels, or those with raised IgG AGA titres and SIgAD (31) . No similar large, multicentre studies have been performed in adults.
Small intestinal biopsy remains essential for the diagnosis of celiac disease, but, because it is now accepted that a spectrum of mucosal lesions occurs in gluten-sensitive enteropathy (32), positive celiac serology is useful as an adjunct to the diagnosis. Although patients with classical symptoms of sprue (such as chronic diarrhea or malabsorption) should undergo biopsy regardless of the results of serology, patients in whom the index of suspicion for celiac disease is low can be saved from an invasive procedure by negative serology. When IgA AGA, IgG AGA and IgA EmA tests are all negative, the chance of finding a flat mucosa on small bowel biopsy in an adult is approximately 2% (33) . Conversely, the use of serology as a case-finding tool can lead to the diagnosis of celiac disease in patients with minor or atypical symptoms at an early point in the investigation of their symptoms. A study in Finland revealed that 37% of celiac patients diagnosed in the study period presented with minor symptoms, such as belching and temporary loose stools (34) . Few data are available on the cost effectiveness of serological testing in celiac disease, but one study from London, Ontario, examined this retrospectively (35) . The group compared IgA EmA followed by biopsy if serology was positive with performing biopsy on all patients. The IgA EmA specificity was very poor, only 64%; despite this, with the use of a cost minimization model, using serology first in patients with a low clinical suspicion of the disease was found to be less expensive than performing biopsies on all patients (35) . Celiac antibodies are, however, of little value in establishing the diagnosis of dermatitis herpetiformis, despite the high probability of celiac disease in these patients. AGAs are present in only 50% of dermatitis herpetiformis patients (36) , ARAs in 20% (37) and EmAs in 70% (38) .
Because the natural history of truly silent celiac disease is not known, the use of serology testing for mass screening for celiac disease in healthy populations is not accepted (31, 39) . Many studies have examined the prevalence of celiac disease in patients with associated conditions by using serological testing followed by small intestinal biopsy. In type I diabetes, the prevalence of celiac disease was reported to be 3.13% to 6.4% (40) (41) (42) using IgA EmA testing. Two studies found that celiac disease was associated with Down's syndrome in over 4% of patients (43, 44) . Long term studies are yet to be performed on the outcome of treatment of celiac disease found by serology in these patients, but it is becoming increasingly accepted that patients with insulin-dependent diabetes or Down's syndrome should be tested for celiac-related antibodies and that small bowel biopsy should be performed if the antibodies are present. The frequency of testing has not been determined, but it is important to recognize that celiac disease may develop several years after diagnosis of type I diabetes (45) . Another important point to note is that patients with positive tissue antibodies but normal small intestinal mucosa may have latent celiac disease; 28% of ARA-positive patients with normal jejunal mucosa developed villus atrophy on subsequent biopsy within seven years (46) . In the future, many different patient groups will be tested for celiac-related antibodies. This is likely to lead to testing for celiac disease crossing into many different medical specialities. The association between celiac disease and epilepsy has been recognized for many years (47) . More recently, celiac disease was diagnosed in 24 of 31 patients with epilepsy and unexplained cerebral calcification (48) , and in 16% of patients with neurological dysfunction of unknown cause (49) , suggesting that patients in neurology clinics should be screened for celiac disease. A group of patients with Turner's syndrome, a condition known to be associated with autoimmune disease, were recently studied. Positive IgA EmA was found in four of 35 patients, and celiac disease was confirmed on biopsy in three of these patients (the fourth patient refused biopsy) (50) , suggesting an association between these two conditions. The prevalence of celiac disease among patients with primary biliary cirrhosis was found to be 6% to 7% (51, 52) . The prevalence of primary biliary cirrhosis among celiac patients was found to be 0.3% to 3% in the same studies, suggesting that mutual screening for these two conditions should be undertaken.
First-degree relatives of individuals with celiac disease have a higher prevalence of the disease (53, 54) , and many of these individuals have few or no symptoms of the disease. Celiac serology is, therefore, useful in screening for the condition in first-degree relatives to identify which individuals should be offered a gluten-free diet in an attempt to reduce the long term risks of the disease. We stress, however, that any individual at high risk of celiac disease who has symptoms suggestive of the disease should have a small bowel biopsy performed regardless of the serology results.
In 1997, Dieterich et al (55) identified that EmAs were directed against tissue transglutaminase, enabling the development of an ELISA test for quantifying titres of this antibody. Not only will this be of great significance in the management of patients in that titres of a specific antibody for celiac can be monitored in treated patients, but this also brings researchers another step closer to unravelling the role that tissue antibodies play in the pathogenesis of celiac disease.
CONCLUSIONS
Assays for the measurement of celiac-related antibodies are widely available but are still of variable accuracy. It is, therefore, essential for clinicians to be aware of the results obtained by their local laboratories. Laboratories should be able to quote the sensitivity and specificity of their assays, and not just the manufacturer's figures if a commercial kit is used. Knowledge of external, quality-controlled results is also valuable. Clinicians should be aware of the association between SIgAD and celiac disease, and recognize that testing for IgA tissue antibodies is of no value in these patients. Testing for IgG class antibodies may be useful, but only IgG AGA tests are widely available.
Celiac serology does not replace small bowel biopsy in the diagnosis of celiac disease but is useful as an adjunct to biopsy for identifying patients in whom biopsy is appropriate, and for monitoring response to and compliance with a gluten-free diet. Testing for celiac antibodies in groups with associated conditions is becoming more widespread, and is likely to expand further as more associations are identified and if long term follow-up shows that treatment of celiac disease in these patients has a beneficial effect. Furthermore, the identification of more cases of subclinical or silent celiac disease with the use of serology will expand our knowledge of this form of the disease and the frequency of malignant and nonmalignant complications in this group of patients compared with those with classical or symptomatic disease.
